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Capacitor, method of manufacturing the same and memory device Including tile 



(57) A capacitor of a Befrtconductor device and a 
method of manufacturtng the same and a memory da- 
Vice Inducing thecapacftor are provided. Thecapacftor 
Includes a lower electrode, a olelectrlolUrn, and an up- 
per electrode* A first reaction banter fttn Is further 
formed between the lower electrode and the dielectric 
Mm. The detectrte fttm to an oxide f)m (LaO) that In- 
dudes afanthanfde element, arid a second reaction bar-. 



riar film can hjrtbqrbe tom^botweantTw t^^parele^ 
trade and the dfetectric Mm. In a process of depositing 
an oxide film that Imdudoe a tardhanWo element, Impu- 
rfflesare removed by flowing vapor and then ozone over 
the oxide Aim. lb control a reaction between the lower 
electrode and the oleJectricflkn, the first reaction barrier 
film Is a hafnium fBm or an aluminum flfrn that Includes 
posMvo lone with smaller radi than postfv© lone of the 
lanthanum oxide thm (LagO*). 

FIG. 2 
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£6001] I The present Invention relates to a semiconductor device end a method of irasnufecJurtag the seme, end more 
perttoutanV, to e caoacfior, q method cf'nmufecauring Ghe same and a memory ds^ce CncSud>##i& csp^cOcr. • 
[©0921 A lanthanum oxCde (La^) can be used as a (Eetectrfo Km tn a capacttor of a semCc&fttfucte^etft^ 
J®Q8S1 When a temhanum oxide fltm ts deposited on a eSfiosniayer, a csSceS© fe formed In feict^^r'ta q result 
of a reaction betesssn &e lanthanum ogEdefftm end oWccn c3 theeatarttaysr. Tfcs tesmatten off afEsato FB&ite bi Csrceitftfl 
dhajEOtatetlcsofKhecepBc^ 

As ttha Integration ctaalty of BemJeorcductor devtosa Irtca&Esee, it Cs required to form cipasfiorfe hating Sanger 
capacitance Hn a narrow region. The capatiSanoQ e2 a capaeBor fe proportional to a curfas® etfj^sj^ri ielsc3?d£e. There- 
fore, the cspis^JlEiioaclI a eep^^ 

It & <£ee&65sta Hhat ft Ehlcfoees eftcfl a composition of q cBeJectrtc {dm be lEnterWawon t? tft$ Bf^pjodeof She 
capecttcr hoe 6 boirn^^edsmioturo. 
[Jiaeas]] HcK^^.ocaiwemicnsadfi^^ 

for fformJrgs si (UeJez^rtc fffni hsv?ng a um^form fhtd&ness and corrtjjoi^ilcn on on G^ec3?ods & oiMtt^Ki^Si&Sj^F^isyrs 
<Tu© to process chara&Bristtea c? &e ©Wroteflicd. 
PM/Tj] Ane£emtets^o^pc3rton(ALB)ms3^ 

has been Intrmfueed. En tshlch a thin film with a desired ccmpos&Jon <zm be deposited In adeep reg^Ht a eomjateeted 
structure. TOs method proftMes a tmfferm&y of tflita&rass and ccrngcslftan ct? ethin ffrn to Gorcrt© ^sgjtea. 
pcasSI Therefore^ the ALD mslhed can be ukh^ 
©lEon on q c$pac£ier electrode hsvfetg a ©mutated stacCure. 



PC3)0| The Earatfcanum oxide ^ ©an atota 

acterlstfc changes of the t&nthantmi oxt&s fffm (resyftfng Prom ebss^stion of water vapor (IH^O) rafter* the tenthsmum 
ont(£a & exposed to the air because fcmthanhCso am hygn^aDptc 

That la, roften forming the lanthanum osdde fltm udng the ALD method after depcsBfiOTii of a Hanthaiimt pre- 
cursor taysr„ a targe E7rttK£nl of \^ater vcpor tsan bo EftxanbGd fly the Eejfflhenum precursor lays? c&ofag en oxKteBflcn 
proeees usfflnft water vapor (fr^).m 
So prevent a leakage current can be degraded. 

P8U1]I HQ. 1 6s a gjaph nbistnEHns the trasrssase tn the lealt&ge current cfonsBy ^hsn oaf©? v$par Is sosd es an 
oxidation gas forf brmtng a to ouJdefltmasLtsh s^tfite taftohamim o«££efi£m using the ALD onsShod. HtoferETic® charatftar 
m irepnssenSs&Eeaka^curT^derta^ofa^ 

that of a hafrtton osCde fltm tomted En a Bhtetmesa of <S6 A. Reference character BO, B4, ejk2 IBS rt 
cunrerm of precuraore La(trnhd)b, La^ISI^ay^ and UllPrCp]^ reapscifrefc 
PODS]] AqcokQj^ to en aspect of «he psesent JmfBntfon.-tSiEro b provUCsd a capacttor o3 a GGmtontfuetor cCsvte©, 
c^prtsSrig a IlaRmr electro^ 
the toer^EcScdearcdKhe cfla^itefifm. 

pgUSS The <ielecarto film Cs an owldeOtm that llrecfucto a tonthaaWe eleinent. -n 
EP©"24| A eecond reaction barrier film can hither be femiedjo^^ 
(0&91f@] ThefMandseco3tdreacdo{ibarrferfi2^ 

posl^e (oris ^fih emaEisr ras3 than posQSve lone of the lenfflieroHn exfda f3m (U^Og). 

Ajoramfing to another aspect the present tasntEon.thej® 
prf^ng foombi^a Hewer eCsctrode, fom&ig a 0r^ rcactoi barrfer RJjn en the {oner eJactrojJa,- forming) q pmcuj^r loyer 
that Includes a metal element on the first raac3£on barrier film, fcmrttrcg an oxide film that Includes a metal element by 
ooddbjlng the metal element of the precursor layer, drying the otftte f2m, and forming en upper eCsctroda on the dried 
oodde fDn, 

pOTTJ The lower electrode b a ^Sccneleciroo^dcped^macend 
nitride fUm. 

Ortrta] A second reaction barrier film can further be formed between the drtad OEMa fdn and Che upper etEctioce, 
and the toraor etec&ode end the upper eSec&cds can be aBtocnr electrodes doped with a conductive dopant ortftantom 
nitride fi&ns. 

An exhaust process may be performed after forming the precursor Sayer, after forming the osddo film, and after 
c&ytng the osdde fOm. 

CDOSo] The forming the oxide nlm may comprise Rowing water vapor over the precursor layer to firstly ojddtee the 
p rec u e or layer. 

[0021] The forming the orfds film may further comprises supplying ozone over the firstly ojtftflzed precursor layer to 

eeccfttUy onbQze the firstly oxid&ed precursor layer. 

[0022J The firstly and secondly oxidation processes may be repeated. 

[0023] The oxide fltm Is dried by flowing ozone over the oxide film. 
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JCtoJJ The first and second reaction barrier Alms can each be a hafnium arid® film or an eiumbum oalde tCm thai 
Includes positive Ions vrith smaller radii then positive Ions off the diskette film. 

[©9281 Acccrcflng to yet ancto aspeci of the present Jnventton, ahem is provided a ssmlcondiictor memory device 
hatf ng a capacStcr ccnrtecised to a traneSsSor, E/harein the capacitor &tc&w£aa a Iowa? oteetrodo, a tfJsiscartc film, an 
upper afetiroda and a first reason barriBrfDn Interposed baftseen the to^r electrode and thecCetecartc f9m. 
[[QfiSSJ- 8lrtce,thjscapai^esce^ 
arfde fOm used bxj the dJs2e£We fito <^ fo^ 

lartihanum oxftfs while forming th© owld© Elm, dsgT&daflon of atecftfeal characteristics of the lanthanum ojdds, thai Is, 
tit® capactior, are prevented, ths?^ rjicrsadng the reffatffiy off the GsrrScc^iKtfof memory device tftalfetctudfis the 

G£9GSi&Or. 

The present Ireverttfcnp?^^ 

loner eSscarods on wfttfdH tha cGsSatflrtc flbn to fferwtsd, and prsv©rcto q degft&datton ef ©SstartecJ -«5mnase^Eirt^tes of a 
die&c3rtc fErn formed toy atomic lsy®r deposition (ALD) by preventing the cSsledrtc fflm from absorbing a fege amourtt 
of raater vapor. 

The prassrtt mven&ca also proft&aa © meftod c? menufec&ring thecEpacJtBr. 
|0&&] The presertf trrvon^ oteo jp^^ 

p@3@j The above and other toatoSQ ajwfl advantages of arts present &we<n3icn raS3 fcscama mom apparent bp da- 
esrG^rag b> ds2aa a«B7itplary ejrtbod^ to the attached djsrabqp (n rcfofeh: 

FIG. 1 (3 q gTEph tEu^3FffiSto@ leafaa^a ©ufVEUt iSsjicitj? T^3th respect to ttitetotsco ctf a dleisciifo fft-m ctf d ©onraEnStonaS 
eapaeJtKr Iter osmM fypsa a? Cs&stttefBn; 

FIG. 2 & a C7Q38-<s&cttort£3 vlss? o? si espacSfccr EOCCJHSng to on enempSary smbcdlmsjilt of the prtKieatt CnvEJitfan; 
FIQ.3toQgraphntucftE2£ft©fflC^^ 
appGsd to the capacitor; 

FIG. 4 Es a block diagram tor tfeacrfbfttg each cpGnntJcn of manuf ecturing a capacitor depScaed Cn F(G. 2; 
FIG. 5 a block iflasjajw tor ^ssayQtJin® a cscond opsreten d manufacturing a capEcfior tfBp&feed In F5G. 4; and 
FIG. 6 Gs a crosG-otectlonaJ vtes c? a osTtitosjitfcctor dsybs fm^ng ths capec&>rd©pteted tn FCG. 2. 

PSSHJ Thepra8am(nventto(n^ft9^ 
£9 Gae^laryembodfrrtsntooftito 

. fomta and should not be ccnstErccsd as'bsUng frnD&til to the embodEmenfls sea Garth hen&fo. Rather, those Ortbcd&viento 
.arts prodded 30 this dlscCosii^ 

thooa sfiDsd In the art. In Eh© ata^togs, fiha ^ltotstesses of laj^eie and regfono are ens&geinAd for daifl^ 
PSSS]] A capacitor escorting to on aassnplory emS^mefft 
S3 JjBSSQJ RG.2feacroae<s©fiafo^^l^(D{?QCQpG^ 

48.Tfrele^refeeSrotfe^kac^^ 

flTM), Tto (flc3eciytbfl!rn DLIrtc&wteafi!Mtf^sc^ta4^ 

pmye3tJs an innwCsd f^ciJcTi b€^6$jiiShsCs?^e53elrod&40Bn^ esoond o^eSsso3fte film 44, that b, & pr®wd& 

oOJc^fornts^. The ^cCeSs^Ffft film ^ 

in^$T£nmo^CfitfteGecc^ 

Thethfidme^o^iihe6rc^dieje^rSot^4SG^ dlsSet^rtefOm 
44. The Gscond iSsSectrie fCnni 44 Be prcferabtv fejuned of on oxide fltm that IncCudso a BantatftSe a^ntsTtl, at£Ch as 
SanSharu^ (L^). The th!c£ff^^ ■ 
43 thinner than this. The upper electorate 48 Is prefltorebfy a titanium nftrtde (TIN) electrode. bu2 can also be a eBtoon • 
electrode doped ^flh a condi^2SvG>d!opaDlL Mcwevor, (n fihe Catter cose, q reason barrier fHm thai prevsnto a QStoeto 
reaction between the upper etectrode 46 and the second dtetectrte film 44 can further be formed therebstereen. The 
upper electrode 46 arid the Co^^a!se^^ 

PS0S51 FIG. 3 Is a graph IBusSraflng a C&sfta&e oorcrd den3Dy ^fth respect to a voltage appSed to the capacitor 
30 acccrcflng to an eaempterv embodiment off the present Invention. In FIG. 3. graphs T, B, and C represent leakage 
current denstttaa of capactena fformsd tit m upper peri, a toiler part, and a middle part of a wetfer respscSwsfy oh on 
the ^afer having tha capacftors dsplcted In FCG. 2, ts vertteal^ positfdned. 

CPOSSg Referring to the gre^hs T, B, and C, the capacitors formed on tti© upper, lower, and middle parts of the wafer 
show Iftfle deferences In their teakaga current denalttes, and the leakage current densities are tower than lO^AAan 2 
bb wkhlnadTftrtngvoQage. 

pmi From fhe graphs T # B» end C. D afeo b seen that the leakage current charEceerteatoa c3 the cepacftcra formed 
onaJl regions of the crater ere also superior ea In the Eeakage current ensra^ertatics of ma capac&ors formed on the 
upper, tower, end ntiddte parts of the cisaf er. 
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[0038] A method of manufacturing the capacitor depicted In FIG. 2 according to an exemplary embedment of the 
present invention wil now be described. 

[0039] Referring to FIG. 4, the method of manufacturing the capacitor includes first through third operation* 60, 62 

5 [00401 In $e first operation 60, a tat. oxide film Is formed on a lower electrode. The tower electrode b preferably a 
aHk^ electrode doped ftfth a conductive dopant, but the lower electrode can also be another conductive ekxdrctie 
soot as a titanium nitride electrode. The (bet oxide tlm Is used party as a dielectric film of a capacitor, hirjf rnaJrrJy a* 
a reaction barrier flfm that prevents an unwanted reaction between a second oxide Aim Which wfl be foc^ ialer and 
*elo^«tecteo^.Thelefoi^ 

to a component Le H sflfcori. Included fti the tower electrode. The thickness of the first cndde tihtvls preferably tinned to 
about 2 nm, which b thlrmer than the second oxide ftm. but may eJao thicker 6r thinner then ? m. ^tnc^ &e jtrsl oxkfe 
fum Js formed to a tr***easbf e*ew nahohwtem, ft pref arable tat the first oxkjefen btorrfted P^rt^rvAtX) i**rj& 
In which thtakriee^sjtf eoinpceltton can flOrontrolled Instead of a Widely ustfd trfa WdeposTtfen rnelc% sbc¥£ a 
corrVerrtlonai CV0 meth^ 

« double layer IllHrt. The. first oxide film can be formed of a barnturn oxfde fSrh andfor an altanlnttrn oxide ft^i. 
[004U mUwssconrfcper*icm,a« 

the same function as the seaxid delectrtc fim 44. Th erefore, I b preferable that the second oxide fbn la an oxide f*n 
Inducing positive Ions with larger radfl than those In the tret oxide film, ft b desirable that the second oxkje flm b 
formed of an oxWefllm thai Inolode^ Preferable the second 

» ox|de fUm b formed to a thfckness of e few nano meters IBce the fkrst ootids fUm. However, the second oxide flbn b 
forod to the earns thlcb^ 

of a few nano meters. It b preferably formed by an ALD method as opposed to a convention el tirin flbn daposftbn 
method. The formhg of the eocond oxide flm using tho ALD method w« be deserted later. 
P>042] in the third operation 64, an upper electrode b formed on thesccond oxide fOm. The upper electrode h a 
25 titanium nitride etedrode orcan be ealikan ekxtrodo dopod wMi a conayctivo dopant 

P>043] ftefsnlrtg to AG. 5, the second operation 62 can further rje dMco Into three eii^erationa 62a, 62b, and 
62c. A detailed rnethod of forrnlrigtte 

62b, and 62c The second oxide fWn b a lanthanum oxide him (LffeOj). 

(004^ More epectficaly, In the fust sub-operation 62a, a precursor that Includes a metal component (La) of the 
ao eocond oxide turn, such as (La(tmhd) 3j La^S^Me^, or UflPrCpfe, b deposited on the first oxide film. Then, the 
precursorlayer ta formedby parftirmlngaflrst exhaust process, and ramaNng precursors are removed form the reaction 

chamber. 

[0045] I n the eocond sub-operation 62b, the p recursor layer b oxkflzed. M ore epeefficatiy. an oxidation gas such as 
water vapor b suppted to the reaction charr^er after me rM 
as lanthanum oxMe film b formed on the lower electrode through a substitution reaction between tiie oxidation gas and 
the precursor layer, that ta, oxidation of the precursor layer. Then, an unreacted portion of the oxidation gas In the 
reaction chamber b removed by performing a second exhaust process. 

[00461 In the third sub-operation 62c, mpurtilee are removed form the Becond oxide Him. More spedftcaffy, excess 
water vapor Included In the second oxla^ 
40 the eecondexheiwt process. Theri, 
chamber. 

(00471 The third eub^penilIon62cbregards^ 
bi the second oxide fQm b removed. 

100461 Trie thMeub-operatton 62c baborega^ ■_. 
43 further be oxidized by the suppfied ozone while removing Impurtles. 

(0040] Tablo 1 1Qustrafss whether a second oxide fllm b rormsd, whemer water vapor remains In the second oxide 
film , and a leakage current density kt the second oxWe «m acco rdbg to the oxidation process used to form the second 
oxide fUm on the lower electrode usfeg an ALD method. 



Oxidation Process 


o 8 




Hz0->O3 




Hm formation 


no 


yes 


yes 


no 


water vapor (H 2 Q) Inclusion 




yes 


no 




leakage current density (AAcm 2 ) 




10-1 


10-7 





[0050] Referring to Table 1 , the second codde fBm Is not formed on the lower electrode when ozone b used as the 



4 



PAGE 23/30 * RCVD AT 6/30/2005 6:38:26 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-1/8 * DH1S:8729306 * CS1D: 5098383424 * DURATION 0nro-ss):1O-28 



06/30/2005 15:45 FAX 5098383424 WELLS ST JOHN PS ©024/030 



EP 1508 906 A2 

oxidation gas or when water vapor (tyO) Is supplied to the reaction chamber after supplying the ozone. 

[0051] When ihe water vapor (HjO) ts used as the oxidation gas, the second oxfde Urn to formed on the lower 

ekx*ioo^ However, the water v 

to aa high as 10/ 1 A/on* 

5 [0052] On me otter hand, when ozone te suppaed to the chamber alter supplying the water vapor (HjO) a^Jorolng 
to the method of menutS«AJitnft thecajpadter according to the present Invention, not onljf ti the second oxide film 
formed on the lower electrode, but fhe water vapor (HjO) does not remain hi the formed second axtde fflm and the 
leakage current densty Is as low asitr* Atom* 

[0053] A semteondtictor memory device tndiKflng the capacitor depicted In RQ. 2 accortflng to an exemplary am- 
io bodfmampfthe^Bsem^t^ 

[0054] Referttng to RQ1 % the memoty device includes first and second doped regjone 74 end 70 qtffet} with a 

conductive dopant in a substrate 70. ttte^andseco^ 

distance. The first reo^ 7^ 

between the two «eg>>ns ^4 &JKi7B on the s^ 
« gate stack 72 tunrwthechahnelr^lto 

Includes a gate hsutatfng tisti (fltttt&ftn) and a gate conductive i^(nbt The sufcsthtto ft, tee first end 

second regions 74 and 70, and the gate stack72 constitute a MOSFET. A first fcterJayer Insulating layer TStfadcovam 

the gate stack 72 and part of the .si^^ 

in the flret Inter-toyer Insulating layer 78. The first contact hole BO Is fffled WWi a first conductive plug 82 such as 

6 pofyaBicon doped wtth a conductive dopant. A capacitor C te formed on the first conductive plug 82 and the first Inter' 
layer Insulating layer 78 and covere the sn^ 

seme as the capecttorC depleted si RQ. 2. Therefore, descriptions of detafled structure and perfonnenoea are omitted. 
The lower etectnxie 40 and the tfntt cot 

aiso be formed of drffererit conductive malerteia. A second Inter-tayer Insulating layer 84- la formed on the capaefcor C 
& and the first ftrieMayer Insulating layer 78 and covera the capacitor C. A second 
region 74 is f ormed In the first Inter-layer Insulating layer 7& and the second InO^ 

contact hole 88 Is Abed with a second conductive plug aa. The second conductive plug 88 ts preferably formed of 
porysffaon doped with a conductive dopant, but can also be formed of a drfferent conductive material A conductive 
layer 90 b formed on the second conducSon plug B8 and the second Inter-tayer Ins uteting layer 84 and covers an entire 

so surface of the second conductive plug 88. The conductive layer 80 b a bit One and cross to the gate stack 72. The 
conductive layer 80,end the second conduct 
also be formed of olflerent conductive matariab. 
[D0S5] Since the memory devtodeecrfeadh^ 
In the capacftorCcan be maintained for along time In a norma} stale, Ita 

as [00S6] The capacitor ac co r dtofl to the exemptery embodiment of the preeent Invention Includes a reaction banter 
fHm that prevents an unwanted reaction between an exkte fsm which tnctudes a lajKhanlde element and Is used as a 
dielectric ftim, and a lower anoVbr an upper electrode that Includes sllcon. Accordingly; electrical degradation of the 
capacitor due to sslceie formation as a result of a reaction between lanthanJde h the oxide fsm and the silicon can be 
avoided. In the process of forming the oxide ilm using an AID method, water vapor te co m pletely removed by ozone 

40 after forming the oxide fffin. That to, the oxkle fisri to cooiptotaly dried. Thus, electrical degradation of ths~capacttor due 
to an Inclusion of water vapor si the oxide fUn Is prevented. A memory device Including the capecftor eccorosig to the 
present Invention can store data for a long time wfthout toes, thereby Increasing tha reltabflriy of the memory oevtce. 
[0057] In the capacitor according to the preeent Invention, the first dtetectric flsn can aJsa be a non-oxide flfrn that 
can prevent a reaction between an oxldaflm arid an upper ajxl/brloww 

45 and lower electron can be formed ri^ 
by lanthanide oxide film. 

[0058] Whle the present Invention ftaa been particularly shown and described wfth reference to exemplary embooV 
. tmenta thereof, ft will be understood by those of ordinary &kH In the art that various changes In form and details may 
be made therein wfthout departing from the scope of the preeent Invention as defined by the Mowing ctafrns. 

CO 

Claims 

1. A capacitor of a semiconductor device comprising: 

55 

a lower electrode; 

a dfetoctrlc film on the lower electrode; 

an upper electrode on the dielectric film; and 
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a first reaction barrier film that prevents a reaction between the tower electrode and the delectrio film, Inter- 
posed between the lower electrode and the dielectric film. 

2. The capacitor of claim 1 , wherein the lower electrode la a aficon electrode doped wfth a conductive dopant 

3. The capecta- of claim 1 or 2, wherein me ftot reaction barrier tlm 
oxide film that Induces posttva Ion* wtth smaller radD than posiJve tons of the dalectno fhm. 

4. The capacto of any preceding daJfr^ 

6. The capacitor of clafen 4, whereti the oxide l*n that Includes the lanthanf de element to LagCX, fikn. 

8. Tho capacitor of any procea^ eislrn, wherein tho upper electrode is a titanium nltrkfa fflrtv 

« 7. Tho capaortor of erry precedtngdatu further comprtsmg a second roscdon barrier Km betrteeh thd ufi^etectrode 
and the dielectric ton wherein the upper electrode Is a silicon electrode doped WW) a conductive tfopant 

6. The capacitor of ctafcn 7. wherein the second reaction banter fftn to one of a ha^ 

oxlda film that tnctudes positive Ions wtth smaller radO than positive Ions of the dielectric film. 

so 

9. A method of forming a capacitor comprising: 

forming a tower electrode; 

forming a Itrst reaction barrier fikn on the lower electrode; 
*5 forming a precursor layer that fctdudee a metal element on the flrst reaction barrier fltn; 

forming an oxide ram that factories the rnstaJ etamemty 
oYytng the oodde Rkn; and 

forming an upper electrode on the cried oodde fikn. 

so 10. The method of claim 9 further comprising, before forming the upper electrode, forming a second reaction barriar 
film on the dried oxMsfDm. 

11. Themethodof claim 10, whereto me tow^ 

doped wtth a conductive dopant and a rJartfum eJufdo tUm, 

95 

12. The method of dalm 10, wherein the second reacflon barrier fflm Is one of a hafnium oxMe fBm end an aluminum 
oxide ffrn that rncsjdas positive Ions wffii smaller raoTl than poslbVn ions of the oletectrfc flfrn . 

19. The method of daJm 9, 10, 11 or 12 wherein the lower electrode Is formed of a aPJcon electrode doped wfth a 
40 conductive dopant, and tho upper electrode Is formed of a tfianfum nitride fflm. 

14* The method of any of claims 9 to 13, wherein the tower and upper etecboces are a tftanlum nitride flkn. 

16. The rrothod of any of claims 9 to 14, wherein an exhaust process b performed after fo^ 

49 

18. The method of any of ciafrne 9 to 14, wherein an exhaust process b performed after forming tho oxide flfrn. 

17. The method of any of ctakns 9 to 14, wherein an exhaust process ta performed after drytig the oodde film. 

so 18. The method of any of claims 9 to 14, wherein the forming the oxtob fflm comprises flowing water vapor over the 
precursor layer to firefly oxidize the precusor layer. 

1 9. The method of daJm 18, whereti the forming the oxide ftm further comprises supplying ozone over the firstly 
oxidized precursor layer Id secondly oxkfize the firstly oxidized precursor layer 



20. The method of claim 19, wherein, In formhg the oxide fflm, the firstly and secondly oxidations are repeated. 

21. The method of arty of claims 9 to 20, wherein the metal element Is a lanthanide element 



6- 
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22. The method of any of claims 9 to 21, wherein drying the oaddo film comprises flowing ozone over the oxide flkn. 

23. The method of any of claims 9 to 22, wherein the flret reaction banter rfim la one of a hafnium oxWe film end an 
aluminum oxide (Urn that Incfudes po*Jtive lona wttti amafler rarfll than posUve tons of the cfletectrio «m. 

24. A semlconductonnemory device Inducing a capacftorconnected to a transistor, whoreta the capaqttor La acafjactor 
according to any of claims 1 to 8. 



to 



* 



$5 



so 
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FIG. 1 (PRIOR ART) 
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FIG. 4 
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